Issues. Australian jurisdictions have introduced lockouts to prevent alcohol-related violence. Lockouts prohibit patrons from entering licensed premises after a designated time while allowing sale and consumption of alcohol to continue. Their purposes include managing the movement of intoxicated patrons, and preventing violence and disorder by dispersing times that patrons leave premises. We sought to evaluate the effectiveness of lockouts in preventing alcohol-related harm. Approach. We systematically searched electronic databases and reference lists and asked authors to identify relevant studies published to 1 June 2017. We deemed studies eligible if they evaluated lockouts, and if outcome measures included: assault, emergency department attendances, alcohol-related disorders or drink-driving offences. Two reviewers independently extracted data. Key Findings. After screening 244 records, we identified five studies from electronic databases, two from reference lists search and one from a Google search (N = 8). Two studies showed a decline in assaults; a third study showed reductions occurred only inside licensed premises; two studies showed an increase in assaults; and three studies showed no association. The studies had significant design and other limitations. Implications. Lockouts have been implemented across Australian jurisdictions as a strategy to prevent alcoholrelated harm, despite limited evidence. In this systematic review, we synthesised findings from studies that evaluated lockouts as stand-alone interventions, to help clarify debate on their utility as a harm prevention strategy. Conclusion. There is not good evidence that lockouts prevent alcohol-related harm, in contrast to what is known about stopping the sale of alcohol earlier, for which there is evidence of effectiveness. [Nepal S, Kypri K, Pursey K, Attia J, Chikritzhs T, Miller P. Effectiveness of lockouts in reducing alcohol-related harm: Systematic review. Drug Alcohol Rev 2018;37: [527][528][529][530][531][532][533][534][535][536] 
Background
According to availability theory, the accessibility of alcohol influences the population's level of consumption, drinking pattern and related harm [1] . There is evidence that when populations have greater access to alcohol due to extensions in the trading hours of licensed premises, the incidence of alcohol-related harm increases [2] [3] [4] .
Conversely, when on-and off-license premises trading hours are restricted, alcohol-related harm decreases [5] [6] [7] . After trading hours were restricted by 1.5 h in Newcastle, Australia, in 2008, assaults declined by 37% compared to a nearby suburb where no restrictions occurred [5] . In 2005, after off-license premises in Geneva, Switzerland were required to cease selling alcohol between 9 pm and 7 am, alcohol-related hospitalisations fell by 25-40% among adolescents and young adults [8] .
Four types of restriction have been identified: (i) 'closing', the time by which premises must expel patrons and close; (ii) 'last drinks', the time by which the sale of alcohol must cease; (iii) 'last drinking', the time by which consumption of alcohol on premises must cease; and (iv) the 'lockout', the time from which patrons can no longer be admitted to licensed premises (also known as 'one-way door' or 'last entry') [9] .
Despite limited evidence, and amid growing controversy, lockouts have been implemented or trialled across most Australian jurisdictions (Australian Capital Territory, New South Wales, Queensland, South Australia, Victoria, Western Australia) as a strategy to prevent alcohol-related violence and public disorder [10] [11] [12] [13] . Lockouts were originally introduced in the early 1990s as part of local liquor accords [14, 15] . We have not been able to identify a well-developed theory underpinning their use, however, the Liquor Amendment Bill 2006 (Queensland) states the mechanism of action for lockouts as follows: 'Lockouts seek to address problems associated with the management of public intoxication and minimise harm by restricting early morning 'club hopping'. Interaction between intoxicated patrons in public places is considered a primary factor leading to violence and vandalism. The effect of the lockout is to minimise numbers of patrons on streets and in public places surrounding licensed premises by spreading their departure times over a longer period' [16, p. 1] .
In 1993, Scotland implemented a 12 am lockout (which they called a 'curfew'), in Glasgow, as part of police program 'Operation Blade', with the specific aim of reducing knife-related assaults among youth [17] . We were unable to find information on whether Operation Blade still operates in Scotland. To our knowledge, Australia, New Zealand and Canada are the only countries where lockouts are currently used. In New Zealand, a 3 am lockout (known there as a 'one-way door') was first implemented in Christchurch in October 2006 [18] , while in Canada, a 2 am lockout (known as 'Last Entry') was introduced in the Granville Entertainment District of Vancouver, on 1 July 2017 [19] .
There have been two systematic reviews that include assessments of the effectiveness of lockouts. Examining Australian alcohol policy from 2001 to 2013, Howard et al. [20] found a lack of evidence supporting their effectiveness, owing to: limited comprehensive evaluation, and the fact that lockouts are often implemented as part of multicomponent programs that include last drinks restrictions [20] . In their 2016 review of the effects of trading hour changes on alcohol-related harm, Wilkinson et al. [21] found a lack of studies evaluating lockouts alone, and that findings from the available studies were mixed. These systematic reviews focused primarily on closing time and last drinks rather than lockouts as stand-alone interventions. Given the high profile of the term 'lockout' in public debate in Australia, where it is often conflated with closing time or last drinks, even in official documents, we sought to study this intervention specifically, identifying and evaluating evidence on whether lockouts are effective in reducing alcohol-related harm.
Methods
We conducted a systematic review using methods prescribed by the Cochrane Collaboration [22] and reported the results using the Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) guidelines [23] . We registered the review in advance on PROSPERO (Registration number: CRD42016043091).
Eligibility criteria
We included quantitative studies if they measured outcomes in the whole population of a specified area, and evaluated lockouts independently of other regulatory interventions pertaining to alcohol trading hours. The outcome measures we considered for inclusion were: alcohol-related offences (including assault and public disorder), emergency department presentations for injury (ICD-10 codes S or T) [24] , alcohol-related disorders defined by ICD-10 codes for acute alcohol intoxication (F10.0), harmful use (F10.1), toxic effects of ethyl alcohol (T51.0) [8] , drink-driving offences and traffic injury. Eligible designs were randomised studies and non-randomised studies including interrupted time series and before-and-after comparisons. We included all papers published up to 1 June 2017 and excluded studies where the effects of lockouts were not estimated separately from other regulatory interventions.
Information sources and search strategy
We searched the following electronic databases: CINAHL, EMBASE, Medline, PsycINFO and Scopus, using the keywords: 'alcohol', 'lockout*', 'oneway door', 'liquor license', 'violence', 'assault' and 'alcohol-related disorder'. We conducted the search between 1 November 2016 and 1 June 2017. We examined the first 250 citations from Google Scholar. In order to identify grey literature, we searched the Mednar database, and further conducted a web search on Google using the keywords 'alcohol-related harm', 'lockouts' and 'one-way door'. Additionally, we manually searched reference lists of included studies, and asked corresponding authors to nominate literature not identified through our search.
Data collection
Two reviewers (SN and KP) independently extracted data from selected papers using a standard form, resolving disagreements through discussion with a third reviewer (KK). We extracted the following information from each study: study design, population, control group or series, description of the outcome, results and information with which to assess the risk of bias.
Risk of bias in individual studies
We used the Cochrane Effective Practice and Organization of Care guide [25] , which includes criteria for assessing quasi-experimental studies utilising controlled before-and-after and interrupted time series designs.
We assessed whether there was likely to be confounding due to unadjusted differences between groups at baseline, and the effects of other determinants on the outcomes of interest. We considered whether the analysis adjusted for differences in baseline characteristics of intervention and control areas, and whether the intervention occurred independently of other changes over the course of the study. For example, whether behaviour might have been influenced by major events such as the Global Financial Crisis or the Australian mining boom that occurred during the study period. We assessed the risk of contamination based on whether there was a possibility that control sites were subject to elements of the intervention, and we added two criteria, namely, consideration of seasonality and displacement. Some outcomes tend to vary by month or season, such that the timing of observation (rather than the intervention) may bias the effect estimate. Displacement is said to occur when the intervention causes the outcome to move geographically (from either the intervention or control site) or temporally (from one time of the day to another).
For studies without a control location, we used the following criteria to assess the risk of bias: (i) confounding due to the effects of other determinants of the outcome of interest; (ii) seasonality; and (iii) temporal or spatial displacement. We rated the risk of bias as high, low or unclear, based on information provided in the papers. Two reviewers (SN and KP) independently assessed the risk of bias and resolved disagreements through discussion with a third reviewer (KK).
Results

Study selection
In the final review we included eight studies [10] [11] [12] 14, 15, 18, 26, 27 ] that met our eligibility criteria ( Figure 1 ).
Study characteristics
Seven of the eligible studies were conducted in Australia [10] [11] [12] 14, 15, 26, 27] , and one was conducted in New Zealand [18] (Table 1) . In all of them, lockouts were the only regulatory intervention implemented. The outcomes reported were alcohol-related assault and unintentional injury. Before-and-after designs were used in seven studies [11, 12, 14, 15, 18, 26, 27] , while one utilised an interrupted time series with a control site [10] . Five studies were published in peer-reviewed journals [10] [11] [12] 14, 15] , while three were the subject of official reports [18, 26, 27] .
Results of individual studies
A 3 am lockout was implemented in Ballarat, Victoria, on 1 August 2003, as part of the Operation Link: Be Safe Late Program. In the 12 months following implementation, total assaults decreased by 40% in the Ballarat central business district [27] . The authors found that 48% of this decrease was in assaults on licensed premises, and 33% of the decrease was in terms of assaults in public places. This estimate did not account for changes in levels of policing and the impact of other program components, such as increased lighting within the precincts. Of concern is the observation that the decline in assaults started 6 months prior to the lockout being implemented, suggesting that other factors were at least partly responsible for the decline [27] .
Using emergency department (ED) data between 1999 and 2009, Miller et al. [10] compared alcoholrelated presentations over the weekend, between 8 pm and 6 am in Ballarat, where a lockout was implemented in 2003, with those at the same time in Geelong, a similar-sized city in Victoria with no lockout. ED presentations were stable for the first 6 months after the lockout commenced, and then decreased in the following 6 months. In Geelong, during the first 12 months post-intervention, there was a steady increase in ED presentations. By late 2004 and early 2005, ED presentations in Ballarat increased, and surpassed those in Geelong, where ED presentations declined from late 2005 [10] . Further analysis showed that the lockout was not associated with alcohol-related presentations and the authors concluded that the lockout was unlikely to have been effective.
Palk et al. [11] examined alcohol-related offences in the 4 weeks before versus 5 weeks after a 3 am lockout was implemented in the Gold Coast, Queensland, on 29 March 2004. Between 3 and 6 am, when lockouts were in operation, they found a 12% decline in alcohol-related offences, and concluded that the lockout had been effective.
Using police data from July 2003 to June 2006, and ambulance data from December 2003 to June 2006, de Andrade et al. [14] evaluated the effect on crime, violence, injury, and intoxication, of a lockout in Surfers Paradise, an entertainment district of the Gold Coast. They found no change in the incidence of these outcomes over the period in which the lockouts came into effect.
A subsequent 3 am lockout implemented in Brisbane City and Fortitude Valley, Queensland, from 1 April 2005, was also found not to be associated with changes in alcohol-related offences in the 4 weeks after it was introduced, relative to the 4 weeks beforehand [12] .
A 3 am lockout came into force in Fortitude Valley, Queensland, on 1 April 2005, and in Airlie Beach, Queensland, on 1 July 2006. Mazerolle et al. [15] found that in Fortitude Valley, the mean number of violent offences occurring inside licensed premises fell from 2.8 per month before the lockout to 1.3 per month after it came into effect. In Airlie Beach, the mean number of violent offences occurring inside licensed premises fell from 0.55 per month before the lockout to 0.22 per month after it came into effect. With regard to violent offences occurring outside licensed premises, the authors reported: 'Overall, our analysis shows that across both sites, the lockout had no effect on violent offences occurring on the streets and footpaths of entertainment districts' (p. 70). This result suggests that while lockouts may have reduced violence inside licensed premises, the benefits did not extend to outside premises, where 83% of violent offences occurred [15] .
As part of an alcohol accord in Christchurch, New Zealand, a 4 am lockout on Thursday, Friday and Saturday nights was implemented, from October 2006 to March 2007. Offences increased by 75%, that is, from 405 before the lockout to 710 afterward, however, 223 of these events (73% of the increase) were liquor ban breaches, while 61 (20%) were disorder offences [18] . Excluding liquor ban breaches and disorder offences in order to focus the analysis on crimes whose detection would not be affected by increased police presence, suggests an increase in crime from before to after the lockout, of 8% [18] . Outcome: Alcohol-related offences.
(Continues) Outcome: Alcohol-related ED presentations. 
Risk of bias assessment
We summarise the risk of bias within each study in Table 2 .
Before-and-after design Displacement. We rated one study [14] at high risk of bias due to displacement. The authors found a slight temporal displacement in crime following a lockout, the mean time for crime shifting from 1.52 am in 2003 Outcome: Alcohol-related offences.
Furthermore, alcohol-related offences declined by 12% [χ 2 = 11.9, P = 0.0005, OR = 1.7] between 3 am and 6 am when the lockout is operational. No significant differences were found for all alcoholrelated offences following the introduction of the lockout in Brisbane city, χ 2 (1, N = 5156) = 0.19, P = 0.66, OR = 1.0, and Fortitude Valley, χ 2 (1, N = 3368) = 1.50, P = 0.22, OR = 1.1 (Table 1) . Additionally, there were no significant differences for alcohol-related offences between 3 am and 6 am time period after the introduction of the lockout legislative provision in Brisbane city, There was no significant difference in the pre-post lockout rates for violence, crime, intoxication and injuries.
Outcome: Violence, crime, intoxication and injuries. [14] . We rated four studies [11, 15, 18 ,27] at low risk from displacement bias because they found no evidence of either spatial or temporal displacement. Two studies [12, 26] did not provide the information needed to make a judgement.
Confounding due to other changes at the time of intervention. We rated three studies at high risk [18, 26, 27] due to the effects of factors other than the intervention. In Ballarat, in addition to lockouts, there were strategies such as increased lighting within precincts, additional police resources and deployment of police to the Ballarat central business district on weekends ('Target Patrol Group') [27] . Similarly, various complementary strategies were introduced along with the 3-month lockout that was part of Victoria's Alcohol Action Plan, including targeting of drug and public order offences (Safe Streets Taskforce), targeting the supply of liquor to intoxicated patrons within licensed premises (Operation Razon), and a freeze on issuing late-night licenses [26] . In addition, the Victorian Civil and Administrative Tribunal granted stays to 25% of the total number of venues affected by the lockout, permitting management to allow patrons to enter or re-enter venues after 3 am [26] . In both cases it remains possible that these complementary strategies alone, or in combination with the lockout, rather than the lockout itself, affected the observed changes. We rated two studies at low risk [12, 14] of confounding: Palk et al. [12] reported that they identified no other interventions during their study period, while de Andrade et al. [14] evaluated a lockout as a standalone intervention. In two studies [11, 15] we could not find relevant information to make the judgement.
Seasonality. We rated three studies at high risk of bias [11, 12, 26] due to a lack of adjustment for seasonality in the analysis, and three studies as low risk [14, 15, 18] . The study by Kirkwood et al. [18] was rated at low risk because the data were collected in the same season before and after the intervention. The studies by de Andrade et al. [14] and Mazerolle et al. [15] were rated at low risk because the authors adjusted for seasonality in the analysis. One study did not provide the information to make a judgement [27] .
Interrupted time series
We rated the interrupted time series study of the Ballarat lockout, by Miller et al. [10] , as low risk of bias due to displacement and contamination, because the distance between Ballarat and Geelong makes it unlikely that assaults were displaced to the control site, or for it to be affected by elements of lockouts. We rated the study as low risk for seasonality because the authors adjusted for seasonality in the analysis. We rated it at high risk of bias due to confounding because of greater police activity before and after the introduction of the lockout, the subsequent change in the lockout time from 3 am to 2.30 am, and the ban on service of shots after 1 am introduced in the after period (April 2010). Additionally, there was an increase in the number of liquor licenses in Ballarat [10] . These factors may have confounded estimates based on changes observed over the study period.
Discussion
The evidence from two [12, 27] of the eight studies was that lockouts were associated with a decline in assault incidence. In a third study [15] , reductions occurred only inside licensed premises. In two of the eight studies, the incidence of assault increased after lockouts were introduced [18, 26] , and in three studies there was no association between lockouts and assault [10, 11, 14] . We found that, overall, the studies have The strengths of our study include the systematic search of the literature, the use of independent reviewers to extract data and assess the risk of bias, and the use of PRISMA guidelines (Figure 1 ). Our findings are limited by our (and the primary study authors') inability to account for confounding by nonregulatory co-interventions or other factors, such as police activity levels. For example, in two studies from Victoria [26, 27] it is possible that the changes seen were due to factors other than, or in combination with, the lockout.
Seven of the eight studies [11, 12, 14, 15, 18, 26 ,27] did not employ a control area, precluding estimation of a trend in the incidence of harm in the absence of lockouts. This lack of a counterfactual means that the observed changes could be attributed to factors other than lockouts.
Our risk of bias assessment also identified seasonality as a competing explanation for the changes observed. For example, in the four areas affected by Victoria's Alcohol Action Plan, assaults were more frequent during summer months (December, January and February) [26] , yet analyses did not adjust for seasonality, so it is possible that the decline reported during the lockout period reflects normal fluctuations in patron activity rather than the effect of the intervention.
In Queensland, Palk et al. conducted evaluations in the Gold Coast over 9 weeks [11, 12] , and over 8 weeks in Brisbane City and Fortitude Valley [11] . Such short periods preclude judgment concerning whether reductions in assault would have continued if the intervention had been sustained. Furthermore, the studies did not adjust for season (from autumn to winter) that may explain the decline in alcohol-related offences seen on the Gold Coast [12] .
This systematic review is the first to focus on lockouts in the absence of last drinks or closing time interventions, helping to clarify debate on their utility. Our findings are consistent with those of Howard et al. [20] and Wilkinson et al. [21] ; that the evidence base is small, but we go further in showing that the potential for bias in the primary studies precludes inferences about the effectiveness of lockouts. In other words, even if there were more of the same types of study, one could not draw conclusions about the effectiveness of this intervention.
Four of the included studies showed a decline in alcohol-related harm, however the studies had limitations such as short follow up [12] and a high likelihood of confounding bias [26, 27] . Based on the evidence available, we cannot say that lockouts fulfil their stated mechanism of action [16] . Mazerolle et al. [15] reported a decline in violent offences occurring inside licensed premises but not outside them, which is inconsistent with the stated purpose and hypothetical mechanisms of lockouts, namely, to reduce violence by lessening the propensity for interaction in public spaces [12, 15] .
To advance knowledge, future research should include study designs that utilise suitable control sites, to reduce the plausibility of competing explanations for observed changes. Governments should be mindful of the need for better evidence and their role in producing it in conjunction with independent researchers [28] . For example, authorities would have to implement lockouts with enough lead-time to allow preintervention measurement to occur. In the absence of better evidence, policymakers should rely on regulating last drinks for which there is strong evidence of effectiveness [21] .
Conclusion
Research concerning the effectiveness of lockouts is inconclusive. On current evidence, lockouts alone cannot be justified as an effective policy response to alcohol-related harm in night-time economies.
